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GROWTH  TABLES  FOR  CUT-OVER  LARCH— DOUGLAS-FIR  STiiMDS 


IN  THE  UPPER  COLUMBIA  BaSIN 
by 

Arthur  L.  Roe  l/ 
INTRODUCTION 

Larch — Douglas-fir  timber  has  been  cut  in  various  ways  in  the  past. 
Many  stands  have  been  clear-cut  of  all  merchantable  timber,  leaving 
a  residual  stand  of  cull  and  undersize  trees.    Some  stands  have  been 
cut  selectively,  taking  out  only  the  trees  that  were  suitable  for 
special  products.     Still  others  have  been  cut  heavily,  leaving  only 
selected  seed  trees  or  light  shelterwood.    Because  growth  in  these 
residual  stands  has  been  highly  variable,  a  study  was  made  in  1947  on 
a  number  of  residual  stands  to  determine  growth  responses  to  different 
intensities  of  cutting. 

The  1947  study  provides  a  means  for  predicting  growth  of  trees  in  cut- 
over  larch — Douglas-fir  stands  in  western  Montana.     Earlier  reports 
on  the  study  have  furnished  an  analysis  of  59  years'  growth  in  a  cut- 
over  larch — Douglas-fir  stand  (j.) ,  a  vigor  classification  for  larch 
and  Douglas-fir  residual  trees  (_2) ,  and  a  discussion  of  the  response 
of  residual  larch  and  Douglas- fir  trees  to  logging  release  (Z) . 
Analysis  of  the  data  now  has  produced  a  set  of  tables  for  predicting 
growth  of  residual  trees  after  logging.     These  tables  are  the  subject 
of  this  report. 

These  tables  will  be  useful  in  determining  growth  of  shelterwood, 
seed  trees,  and  partially- cut  stands  which  retain  sufficient  vigor 
to  justify  leaving  as  a  reserve.    Although  the  tables  may  be  used  for 
predicting  growth  of  selectively  cut  larch — Douglas-fir  stands,  the 
presentation  of  the  growth  tables  is  not  necessarily  an  endorsement 
of  selective  cutting.    Mature  and  overmature  larch — Douglas-fir  stands 
can  best  be  handled  by  even-aged  management  methods  such  as  shelter- 
wood,  and  clear  cutting  with  seed  trees,  or  possibly  patch  or  strip 
cutting. 


l/    Kenneth  N.  Boe,  Research  Forester,  Upper  Columbia  Research  Center, 
supervised  collection  of  the  field  data,  and  A.  E.  Squillace, 
Research  Forester,  Upper  Columbia  Research  Center,  assisted  in 
■statistical  analysis. 
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FIELD  METHODS 


The  study  was  based  on  field  data  obtained  on  124  one-fifth  acre 
temporary  sample  plots  located  in  20  cut-over  stands  in  western 
Montana.     A  wide  range  of  reserve  stand  volumes  were  ssunpled. 
D.b.h.,  merchantable  height,  and  crown  descriptions  were  collected 
on  all  residual  trees  7.6  inches  d.b.h.  and  larger  on  the  plots 
and  two  increment  cores  from  each  vi^ere  extracted  and  measured  for 
growth.     In  addition,  all  trees  3.6  inches  to  7.5  inches  were 
counted  on  tenth-acre  plots,  and  seedlings  (0.5  foot  high  to  5.5 
inches  d.b.h.)  were  counted  on  five  4-milacre  plots  within  each 
fifth-acre  overvrood  plot.    Only  unburned  stands  which  had  been 
logged  once  were  included  in  the  study.     Stands  which  had  been 
disturbed  by  wood  cutting  or  other  activity  after  logging  were  not 
sampled. 

MALYSIS  OF  DATA 
Growth  was  analyzed  in  three  categories: 

(1)  Reserve  tree  growth  —  growth  of  trees  9.6  inches 
d.b.h.  and  larger  at  the  time  of  logging. 

(2)  Ingrowth  —  volume  contribution  of  trees  less  than 
9.6  inches  d.b.h.,  and  therefore  with  no  board-foot 
volume  at  the  time  of  logging. 

(S)    Mortality  —  negative  growth  which  reduces  net  stand 
growth. 

RESERVE  TREE  GROWTH 

The  growth  of  reserve  trees  was  analyzed  by  (l)  isolating  factors 
associated  with  growth  differences,  (2)  correlating  these  factors 
with  relative  grov;th  rates,  (5)  estiinating  growth  from  the  cor- 
relations, and  (4)  testing  these  growth  estimates  by  comparison 
with  actual  plot  growth.    The  correlations  were  computed  and 
tested  by  well-known  statistical  procedures.    Factors  studied 
were:     size  of  trees  (diameter  and  height),  period  of  time  since 
logging,  tree  vigor,  reserve  stand  density,  and  precipitation. 
Estimates  based  upon  the  factors  studied  accounted  for  an  average 
of  78  percent  of  the  variation. 
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INGEOWTH 


The  growth  of  trees  less  than  9.6  inches  d.b.h.  at  the  time  of  logging 
was  analyzed  separately.    Average  accumulated  diameter  growth  for  each 
1-inch  class  was  plotted  by  5-year  periods  since  logging  and  smooth 
curves  were  fitted  to  the  data.    On  the  basis  of  the  diameter  increases, 
the  periods  when  the  trees  first  attain  merchantable  size,  and  the 
growth  by  subsequent  5-year  periods  were  determined.    Average  mortality 
was  computed  and  the  volumes  uriiich  had  been  obtained  were  reduced  to 
net  values. 

MORTALITY 

Mortality  of  reserve  trees  was  analyzed  by  comparing  the  number  of 
living  trees  with  the  number  of  dead  trees  in  each  diameter  class« 
The  dead  trees  were  expressed  as  a  percentage  of  the  total  residual 
trees  in  the  reserve  stand.     Douglas-fir  mortality  varied  significant- 
ly by  diameter;  it  was  high  in  the  larger  diameters  and  low  in  the 
smaller  diameters.    Western  larch  mortality,  on  the  other  hand,  showed 
no  well-defined  trend  by  diameter.    Mortality  might  correlate  with 
period  after  logging — being  severe  iiiimediately  following  logging  and 
decreasing  with  time — but  no  evidence  could  be  found  to  support  that 
supposition. 

GROWTH  TABLES 

Tables  1  to  8  present  the  results  of  the  analysis.    Forest  managers 
will  find  these  tables  useful  for  (1)  predicting  future  growth  of 
reserve  stands,  (2)  determining  intensity  of  cutting  if  partial  cut- 
ting is  proposed,  and  (5)  determining  the  kind  of  trees  to  cut  and 
the  kind  to  leave  for  best  growth.    How  to  use  these  tables  for 
growth  predictions  will  be  explained  in  the  next  section,  (Tables 
1  to  8  follow.) 
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Table  5.  —  Ad;iustment  factors  for  tree  vigor  and  stand  density. 


Basal 

area 
density 

class 
(sq.  ft.) 


Vigor  class  by  species 


Western  larch 


B 


Douglas-fir 


A 


Percent 


B 


T/eighted 
average 


Percent 


10 

160 

95 

59 

152 

95 

64 

112 

20 

148 

88 

55 

141 

88 

59 

104 

30 

142 

84 

53 

135 

84 

57 

99 

40 

138 

82 

51 

131 

82 

55 

96 

50 

135 

80 

50 

128 

80 

54 

94 

60 

132 

78 

49 

126 

78 

53 

92 

70 

150 

77 

48 

124 

77 

52 

91 

80 

128 

76 

48 

122 

76 

51 

90 

90 

126 

75 

47 

120 

75 

50 

88 

100 

126 

75 

47 

120 

75 

50 

88 

110 

124 

74 

46 

116 

74 

49 

87 

120 

123 

73 

45 

117 

73 

49 

86 

130 

121 

72 

45 

116 

72 

48 

85 

140 

120 

71 

44 

114 

71 

48 

84 

150 

120 

71 

44 

114 

71 

48 

84 

160 

119 

70 

44 

113 

70 

47 

83 

Av. 

143 

85 

53 

136 

85 

57 
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HOW  TO  USE  THE  GROWTH  TABLES 


Certain  reserve  stand  statistics  are  required  for  predicting  future 
growth: 

(1)  Number  of  trees  4  inches  d«.b„h,  and  larger,  by  1-inch 
diameter  classes  and  species „ 

(2)  Total  basal  area  of  all  trees  9o6  inches  d.b.h.  and 
larger. 

(3)  Average  diameter  of  Douglas- fir  residual  trees  upon 
which  to  base  mortality  estimates. 

(4)  Reserve  stand  volume  in  board  feet,  by  species. 

(5)  Tree  vigor  (see  Appendix  table  1  for  vigor  classifi- 
cation) o 

A  stand  table  showing  the  number  of  trees  can  be  prepared  from  the 
timber  survey  tally  if  the  stand  has  been  cruised,  or  from  the  mark- 
ing record  if  leave  trees  were  tallied,  provided  that  trees  down  to 
4  inches  d.b.h.  were  measured.    Tree  vigor  may  be  determined  either 
by  classifying  all  sample  trees  during  the  cruise,  or  by  a  double 
sarapling  process  wherein  one  or  two  trees  on  each  plot  are  classified 
for  vigor  in  addition  to  the  usual  measurements  taJcen  on  all  the  trees. 
An  adequate  vigor  sample  should  contain  fifty  or  more  trees. 

COMPUTATION  OF  RESERVE  TREE  GROWTH 

Growth  predictions  can  be  computed  from  the  tables  in  two  different 
ways,  depending  upon  the  method  of  sarapling  tree  vigor.    When  all 
sample  trees  have  been  classified  by  vigor,  growth  can  be  computed 
by  a  system  which  we  shall  call  Method  One.    When  tree  vigor  has  been 
determined  by  a  double  sampling  procedure,  or  an  independent  sample, 
growth  must  be  determined  by  a  different  system.    Method  Two  would 
give  exactly  the  same  results  as  Method  One  if  applied  to  data  which 
include  100  percent  sampling  for  tree  vigoro    However,  Method  Two  is 
slightly  more  cumbersome  and  therefore  it  is  recommended  only  for  the 
problems  where  it  is  the  only  method  that  can  be  employed. 

Method  One  -  All  sample  trees  classified  by  vigor 

Reserve  stand  data  -  After  the  stand  has  been  cruised,  the  data  should 
be  summarized  as  shown  in  the  first  work  sheet  example,  table  9,  in 
the  columns  headed  "number  of  trees."    Because  separate  growth  tables 
could  not  be  prepared  for  other  tree  species  which  may  occur  in  larch — 
Douglas- fir  types j,  due  to  insufficient  data,  other  kinds  of  trees 
should  be  grouped  with  the  larch  and  Douglas-fir  as  follovirss 
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Larch  —  include  lodgepole  pine. 

Douglas-fir  —  include  all  other  species. 

Two  other  col^amns  are  provided  in  table  9  under  each  species  heading 
for  basal  area  and  volume  computation.    The  next  step,  then,  is  to 
determine  the  basa.!  area  of  each  one-inch  diaineter  class  (see 
tables  1  and  2,  third  column)  and  multiply  the  basal  area  by  the 
number  of  trees  occurring  in  each  class.    The  product  is  entered 
in  the  data  column  opposite  each  diameter  class  until  the  basal  area 
of  all  trees  has  been  computed  and  entered  as  shown  in  table  9. 
The  individual  tree  voLoraes  found  in  column  2  of  tables  1  and  2  are 
then  used  to  determine  the  volume  of  residual  trees.    For  example, 
table  1  shows  that  the  volume  of  the  average  10-inch  larch  tree  is 
50  board  feet.    When  that  voluae  is  multiplied  by  the  number  of  10- 
inch  larch  trees  shown  in  the  stand  table,  a  product  of  204  board 
feet  results  (6.80  x  50  =  204).    That  value  is  entered  in  the  vol- 
ume column  and  the  volumes  for  each  diameter  class  are  computed 
similarly.    The  average  volumes  of  Douglas- fir  residual  trees  will 
be  found  in  table  2. 

After  all  the  above  computations  have  been  completed,  the  columns 
in  table  9  should  be  summed  and  the  totals  entered  in  a  row  across 
the  bottom.     Total  basal  area  is  obtained  by  summing  the  totals  of 
the  two  basal  area  columns.     The  average  diameter  of  Douglas-fir 
trees  is  computed  by  dividing  Douglas-fir  basal  area  by  the  number 
of  Douglas-fir  trees  per  acre,  thus  2. 544  =  0o624o     The  average 

4„08 

diameter  can  then  be  determined  from  a  basal  area  table.  Thus, 
0.624  square  feet  =  10.7  inches  d„boh.    At  this  point  the  most 
important  reserve  stand  statistics,  with  the  exception  of  vigor, 
have  been  determined.    They  include  basal  area,  reserve  stand  vol- 
ume, and  average  diameter  of  the  Douglas- fir  trees.    Vigor  is 
evaluated  in  a  later  stepc 
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Table  9. — First  work  sheet  for  both  Methods  One  and  Two. 

Reserve  stand  data 
(per  acre) 


D.b.h. 

class 
(inches) 


Vife stern  larch 


Trees 


Basal 
area 


Volume 


Douglas- fir 


Trees 


Basal 
area 


Volume 


10 
11 
12 
15 
14 
15 
16 
17 
18 
19 
20 
21 
22 
25 
24 
25 


Total 


No. 
6.80 
6.12 
5.44 
1.56 
4.08 
2.72 
2.72 
1.56 
1.56 
0.68 
1.56 
0.58 
0.68 


55 . 56 


Sq.  ft. 

5.706 

4.059 

4.270 

1.254 

4.562 

5.557 

5.797 

2.145 

2.405 

1.559 

2.968 

1.565 

1.795 


56  .  778 


Bd.  ft. 

204 
288 
586 
155 
550 
475 
601 
567 
459 
255 
602 
545 
588 


5009 


No... 
2.04 
1.56 
0.68 


4.08 


Basal  ar ea  summary 

Larch  56 . 778 

Douglas-fir  2.544 
Total  59.522 


Sq.  ft. 

1.112 
0.898 
0.554 


2.544 


Bd.  ft. 
53 
56 
45 


152 


2.544 


Average  diameter  of  Douglas-fir  4^93    -  .624  =  10.7  inches. 
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Growth  computation  -  Summarize  the  number  of  trees  per  acre  by  d.b.h„ 
classes,  species,  and  vigor,  as  shown  in  table  10,  the  second  work 
sheeto 

The  growth  of  trees  in  each  diameter  class  and  for  the  desired  period 
(in  this  example,  40  years)  after  logging  is  read  from  table  1  for 
western  larch  and  from  table  2  for  Douglas-fir.    Thus,  for  example, 
the  gross  growth  of  one  10-inch  larch  tree  is  78  board  feet  in  40 
years.    The  average  growth  values  are  applied  to  all  three  vigor 
classes  at  this  stage  of  the  computation  because  the  adjustments  for 
vigor  and  density  will  be  computed  later.    Hence^  the  growth  of  76 
board  feet  will  be  multiplied  by  the  number  of  10-inch  trees  shown 
in  each  vigor  class  and  the  products  should  be  entered  in  the  proper 
data  columns  in  table  lOo    Thus,  1,36  trees  in  the  10-inch  class,  "B" 
vigor  column  of  the  table  will  have  an  average  growth  of  103  board 
feet  (76  x  lo56  =  103) . 

After  average  growth  has  been  determined  and  tabulated  on  the  work 
sheet  for  each  diameter  class  by  species  and  vigor,  the  columns  will 
be  summed  in  a  row  of  totals  at  the  foot  of  the  table »     These  totals 
are  average  unadjusted  growth  by  species  and  vigor  class » 

To  adjust  growth  for  vigor  and  density,  enter  table  3  through  the 
basal  area  density  class  which  corresponds  to  the  basal  area  of  the 
stand  in  question.    Because  the  stand  in  the  example  had  39.3  square 
feet  basal  area,  it  falls  in  the  40- square-foot  density  class  and 
adjustment  factors  found  in  that  class  will  be  used.     Thus,  138  per- 
cent is  read  as  the  adjustment  factor  for  "A"  vigor  larch  trees  and 
82  percent  for  "B"  vigor  larch  trees,  etc.    These  values  are  then 
entered  below  the  growth  totals  in  table  10,    Growth  is  adjusted  for 
tree  vigor  and  stand  density  by  multiplying  average  growth  by  the 
factor.    The  new  totals  thus  obtained  reflect  the  effect  of  tree 
vigor  and  stand  densityo 

After  completing  the  vigor-density  adjustments,  the  growth  of  in- 
dividual vigor  classes  should  be  added  together  for  each  species, 
as  shown  on  the  second  work  sheet.    The  original  reserve  volume  is 
added  to  the  growth  for  each  species.    The  new  totals  are  estimates 
of  gross  volume  of  the  reserve  stand  by  species  40  years  hence.  As 
a  final  step,  mortality  adjustment  factors  are  derived  from  table  4, 
For  western  larch,  the  factor  is  read  below  the  interval  after  log- 
ging—in the  present  example,  40  years.    Thus,  a  factor  of  89  is 
obtained  for  western  larch..    Diameter  need  not  be  considered  in 
western  larch  because  mortality  as  a  percentage  of  volume  was  nearly 
constant  regardless  of  tree  size.    On  the  other  hand,  Douglas-fir 
mortality  increased  significantly  with  increase  in  diameter.  There- 
fore, the  Douglas-fir  factor  is  determined  by  entering  table  4  at 
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Table  10. — Second  work  sheet  for  Method  One.    Growth  computation. 

(per  acre)  Period  since  logging:   (40)  years. 


Number  of  trees  and  growth  by  species  and  vigor  class 


D.b.ho   

class    :  A  Vigor 
(inches) 


Western  larch 


B  Vigor 


No.:  B.Fo 


C  Vigor 


No.  :BoF. 


Douglas- fir 


A  Vigor 


B  Vigor 


No. 


B.Foo  No.  :BcFc 


C  Vigor 
,No~~TT„F„ 


10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
£1 
22 


0.68 

0.68 

0,68 
0o68 
0.68 
0.68 
0.68 


82 

94 

107 
112 
118 
122 
128 


1.36 
2.72 
2.72 
1.36 
2.04 
2.04 
1.36 
0.68 
0.68 


103 
239 
269 
150 
247 
265 
189 
101 
107 


5.44 
3.40 
2.72 

1.36 
0.68 
0.68 
0,68 


413  1.36 

299  1.36 

269  0.68 

165 

88 

94 
101 


113    0.68  56 

133 
75 


0.68  118 


Reserve  stand  data: 
Basal  area  -  39.3  sq, 
Av.  d.b.ho,  DoF.  -  10= 
Volume  WcLo  -  5009  bd, 
B.Fo  -  152  bd. 


ft. 

7  inches 
ft. 

fto 


Total  4,76 
Vigor-density 

adj.  factor  x 1. 58 
Adj.  growth  1053 


763  15.64    1788    14.96    1429    3.40      321  0.68 


56 


xO.82 
1466 


xQ.51 
729 


Total  adjusted  growth 
Original  volume 
Gross  future  volume 
Mortality  adjustment  factor 
Net  voliimie  after  40  years 


-1-5009 
8257 

x(Ll89 
7349 


All  species 

7349 
r-^  -+569 
7918 
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the  diameter  class  corresponding  to  the  average  diameter  of  the 
Douglas-fir  in  the  reserve  stand  and  reading  the  value  in  the  time 
interval  column  (10.7  inches  d.b.h,  -  40-year  time  interval).  Thus, 
in  the  example,  we  obtain  a  mortality  factor  of  92  after  interpola- 
ting for  the  10.7-inch  average  diameter.    The  mortality  factors  are 
then  entered  as  shown  in  table  10.     The  net  future  volume  is  obtained 
when  the  gross  future  volume  is  multiplied  by  the  mortality  factor. 

Method  Two  -  Tree  vigor  determined  by; 
double  or  independent  sampling 

Method  One  is  employed  when  all  the  sample  trees  have  been  classified 
by  vigor.    A  modified  system  of  computation,  Method  Two,  is  necessary 
when  vigor  is  determined  for  only  part  of  the  sample  trees  as  by  double 
sampling  or  independent  sampling c     To  illustrate  Method  Two,  assume 
that  the  same  stand  as  employed  in  the  previous  example  had  been  sampled 
Yflth  52  plots  and  that  only  one  Douglas-fir  and  one  larch  tree  nearest 
the  center  of  each  plot  had  been  classified  by  vigoro 

Reserve  stand  data  -  The  system  of  computing  reserve  stand  data  is  the 
sam.e  for  Method  Two  as  for  Method  One.     The  principal  difference  in 
the  two  methods  lies  in  the  adjustment  of  growth  for  density  and  vigor. 

Growth  computation  -  Average  growth  is  determined  by  summarizing  num- 
bers of  trees  by  diameter  classes  as  shown  in  table  11  and  computing 
the  growth  by  species  and  diameter  classes  from  tables  1  and  2..  The 
columns  should  be  totaled  at  the  foot  of  the  table  to  show  one  average 
growth  figure  for  each  species. 

To  adjust  average  growth  for  vigor  and  density,  the  sample  trees 
classified  by  tree  vigor  are  summarized,  as  shown  in  table  12.  The 
field  record  shown  by  the  dot  and  dash  tally  can  be  made  directly  on 
Uiis  form.    The  number  of  trees  in  each  d.boh.  class  are  counted  and 
indicated  within  the  small  circles.    Next  the  average  growth  of  trees 
in  each  diameter  class  is  read  from  table  1  for  larch  and  table  2  for 
Douglas-fir.    The  average  growth  for  a  given  diameter  is  multiplied 
by  the  number  of  sample  trees  contained  in  that  diameter  class  and  the 
product  entered  for  the  diameter  class  in  the  proper  species  column. 
For  example,  the  average  growth  of  a  14-inch  larch  is  121  board  feet 
in  40  years.    One  14-inch  sample  larch  tree  occurred  in  the  A  vigor 
column;  therefore,  121  board  feet  is  entered  in  the  data  column  op- 
posite that  d.b.h.  class.    Three  14-inch  "B"  vigor  larch  trees  oc- 
curred in  the  sample,  thus  121  times  three  is  equal  to  362  board  feet 
v;hich  is  entered  in  the  proper  d.b.h.  class  and  data  column.  This 
process  is  continued  until  average  growth  is  entered  for  all  sample 
trees.     The  columns  are  then  summed  into  a  row  of  totals  at  the  foot 
of  the  table. 
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Table  11. — Second 

TiTork  sheet 

for  Method  Two 

Growth  computations. 

(per  acre) 

Period 

since  logging:  (40)  years 

: 

D.b.h.  class  : 

y^estem 

larch  1 

Douglas-fir 

(inches)  : 

• 

Trees  * 

Gross  : 
growth  : 

m              '  Gross 
Trees 

:  growth 

Niimber 

Bd.  fto 

Number            Bd.  ft. 

10 

6.80 

517 

2c 04  169 

11 

6.12 

538 

lo36  153 

12 

5.44 

538 

0.68  75 

13 

1.56 

150 

14 

4.08 

494 

15 

2.72 

354 

16 

2.  72 

378 

17 

1.36 

203  • 

Reserve  stand  data: 

18 

1,56 

214 

Basal  area  -  39.5  sq.  ft. 

T  Q 
±a 

U  .  D  o 

IIP 

Jiv .  u.D.n.j  jj.r.  —  iu .  17  m . 

90 
(CU 

±  .  OD 

(COO 

VOXUIIlCj    iv.iJo    —    OUUf  UQ.XXi. 

91 

(J  o 

1  99 

U  •  o  O 

1  Pfi 

xco 

Total 

35.  5o 

3983 

4.08  577 

Vigor-density  adjus 

t.  factor 

X  0.816 

X  1.237  (from  table  12, 

Adjusted  growth 

3250 

466         third  work 

Original  voluiiie 

+  5009 

-fl52  sheet) 

Gross  future  volume 

8259 

618 

Mortality  factor 

X  0.89 

X  0.92 

Net  volume  after  40 

years 

^-7350 

^  569 

/ 

/ 

Summary  of  all  specTeg' — ^ 

Larch  7350 -ir--^ 
Douglas-fir  569C— — 

Net  volume  after 

40  years   7919  bd.  ft. 
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Table  12. — Third  work  sheet  for  Method  Two.    Computation  of  ad,iustment 


factor  for  density  end  vigor 


1-  1- 

D.b.h. 

class  ! 

Tree 

vigor 

We 

stern  larch 

Douglas-fir 

(inches)  . 

A 

B  ; 

n 
U 

A 

— 1  1 — 

D 

10 

'(h 

152 

%  608 

^  830 

l:  415 

11 

352 

^  440 

12 

•  « 

396 

'■h  396 

►^555 

13 

220 

14 

121 

(X 

363 

'(^  242 

15 

390 

'q  130 

16 

'(J)  139 

278 

'©  139 

17 

149 

'Q  149 

18 

'(V 

'& 

157 

19 

'CP  165 

20 

'  O)  173 

'Q 

173 

21 

'cD  180 

22 

'CD  188 

Total 

1123 

2630 

2104 

2365 

415 

0 

Percent 

19.2-v^ 

44, 9-^^ 

35<.9 

85.1- 

14.9 

A 
B 
C 


Western  larch 
Pct.dist.  Cor.fac, 


Product 


Douglas- fir 
Pct.disto      Cor.faCo  Product 


100.0 
Average  correction 
factor  (total) 


138 

26.5 

^-^85.1 

131 

111.5 

82 

36  „  8 

14.9 

82 

12„2 

51 

18.3 

100.0 

81.6 

123o7 
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The  percentage  distribution  of  average  growth  by  vigor  classes  is 
determined  for  each  species  in  table  12.     For  examplej,  19.2  percent 
of  the  larch  growth  occurred  on  "A"  vigor  trees,  44.8  percent  on 
"B"  vigor  trees,  and  56.0  percent  on  "C". vigor  trees.  Vigor-density 
correction  factors  are  derived  from  table  5  as  described  for  Method 
One  (39o3  square  feet  basal  area  and  40-year  time  interval).  The 
factors  for  larch  are  found  to  be  158  percent  for  "A",  82  percent 
for  "B",  and  51  percent  for  "C"  vigor  trees.    W^en  the  percent  of 
growth  in  each  vigor  class  is  multiplied  by  the  corresponding  adjust- 
ment factor  (bottom  table  12)  and  the  products  are  summed,  an  average 
vigor-density  correction  factor  is  obtained  for  each  species.  These 
vigor-density  adjustment  factors  are  entered  in  table  11  below  the 
proper  average  growth  totals.    The  average  growth  of  each  species 
is  then  adjusted  for  vigor-density  when  multiplied  by  the  adjustment 
factor. 

After  adding  the  original  reserve  stand  volume  to  the  adjusted 
growth  for  each  species,  mortality  factors  are  obtained  from  table 
4  and  applied  to  the  gross  volumes  in  table  11  in  order  to  determine 
future  net  volume  of  the  reserve  stand. 

COMPUTATION  OF  INGROWTH 

So  far,  the  discussion  has  dealt  solely  with  the  growth  of  the  re- 
serve stand — trees  9.6  inches  d.b.h.  and  larger  at  the  time  of  log- 
gings   To  complete  the  growth  analysis  for  the  entire  stand,  in- 
growth must  be  computed. 

The  computation  of  ingrowth  is  started  by  summarizing  the  number  of 
trees  per  acre  by  diameter  classes  and  species,  as  shown  in  table 
15.    Tables  5,  6,  7,  and  8  show  the  net  volumes  of  larch,  Douglas- 
fir,  Engelmann  spruce,  and  lodgepole  pine,  respectively,  by  6-year 
intervals  after  logging.    For  occasional  trees  of  species  which  are 
not  listed,  use  the  table  which  seems  most  appropriate.    For  ex- 
ample, use  the  Douglas-fir  table  (No.  6)  for  white  pine,  and  the 
spruce  table  (No.  7)  for  alpine  fir.     Volumes  for  the  desired  time 
interval  (in  our  example,  40  years)  and  d.b.h.  classes  when  multi- 
plied by  the  number  of  trees  per  acre  will  indicate  the  volume  per 
acre  of  these  trees  40  years  hence.     The  volumes  should  be  totaled 
at  the  foot  of  the  work  sheet  (table  15).     The  totals  need  not  be 
reduced  for  mortality  because  average  mortality  has  been  deducted 
in  tables  5,  6,  7,  and  8. 

Ingrowth  is  not  adjusted  for  vigor  because  the  effect  of  that 
factor  has  been  studied  only  on  reserve  trees  over  9.6  inches 
d.boh.  at  the  time  of  logging.    However,  density  adjustments  should 
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Table  13. — Vifork  sheet  for  comp-utation  of  ingrowth 


(per  acre) 


Period  since  logging;  (40)  years 


D.b.h. 

class 
(inches) 

'  Western 

larch 

Cougl 

as- fir 

Engelraann  spruce] 

Lodgepole  pine 

'  Trees 

*  Volume 

• 

Trees 

*  Volume  ' 

Trees 

]  Volume  ] 

Trees 

1  Volume 

No. 

Bd.ft. 

No. 

Bd.ft. 

No. 

Bd.ft. 

No. 

Bd.ft. 

4 

1. 36 

0 

2 .  72 

0 

2.04 

0 

5 

0.68 

0 

2.04 

0 

1.36 

57 

6 

1.36 

46 

1.56 

42 

0.68 

33 

7 

0.68 

26 

1.36 

58 

1.36 

60 

8 

0.68 

33 

0.68 

41 

0.68 

39 

0.68 

44 

9 

0.68 

41 

0.68 

54 

0.68 

49  . 

Total  3.40 
Density  correction 
Net  ingrowth 
after  40  years 

146 
X  0.96 

140 

4.08 

195 
X  0.96 

187 

2.72 

148 
X  0.96 

142 

2.72 

129 

134 
xO,96 

Summary  of  all  species 

Larch  140 

Douglas-fir  187 

Engelmann  spruce  142 

Lodgepole  pine  129 
Net  ingrowth  after 

40  years   598  bd.  ft. 
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be  made  on  the  basis  of  the  reserve  stand  basal  area.  Using  the  re- 
serve stand  basal  area  value  from  the  first  work  sheet,  table  9,  as 
the  measure  of  density — 59.322  sq.  ft. — find  the  density  correction 
factor  in  table  5  in  the  "weighted  average"  column  at  the  right-hand 
side — 96  percent.  The  new  values  derived  by  multiplying  each  of  the 
totals  in  table  13  by  0.96  are  the  estimates  of  future  net  volime  of 
ingrowth  adjusted  for  stand  density. 

Total  net  growth  -  After  the  reserve  stand  volume  and  ingrowth  have 
been  computed,  future  volume  and  growth  may  be  summarized  by  species 
as  follows: 


!  stern    Douglas-    Engelmann  Lodgepole 


Volume  of  reserve  trees 
40  years  hence  -  -  - 


larch 


7349 


Ingrowth  40  yrs.  hence  140 

Total  stand' volume 

40  years  hence  -  -  -  7489 

Original  reserve  vol.  -  5009 

Net  growth  for  40  yrs.  2480 


fir 


569 
4-187 

756 
-  152 
604 


spruce 
0 

4-  142 

142 

-.  0 
142 


pine 


0 

H29 

129 
-  0 
129 


All 
Species 

7918 
+  598 

8516 
-  5161 
3355 


lean  annual  )        2480/40=    604/40=       142/40=      129/40=  3355/40= 

periodic  growth)        6?-  bd.ft.     15  bd.ft.     4  bd.ft.     3  bd.ft.     84  bd.ft. 
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Appendix:  Table  1,— Characteristics  for  classifying  the  vigor  of  western  larch  and 

Douglas-fir  residual  trees  in  larch-fir  type  in  western  Montama  {^) 


Characters 

VIGCR  CLASS 

A  (Good  vigor) 

B  (Fair  vigor) 

C  (Poor  vigor) 

1.  Position 
of  crown 

Usually  dominant  or  codominant, 
occasionally  intermediate. 

Ordinarily  codominant  and  inter- 
mediate, rarely  dominant. 

Usually  intermediate  or  sup- 
pressed, occasionally  codom- 
inant and  rarely  dominant 

2.  Length  of 
the  crown 

Crown  length  hO  percent  of  the 
total  height  or  longer.  Dhusual- 
ly  wide  crown  may  be  shorter  but 
not  less  than  30  percent. 

Crown  length  usually  from  20  to 
UO  percent  of  total  height.  In 
narrow  crowns  greater  length  may 
be  oLllowed. 

Crown  length  usually  will  not 
exceed  20  percent  of  total 
height.    In  ertremely  narrow 
crowns  greater  length  may  be 
allowed,  but  not  to  exceed  50 
percent • 

3.  Width  of 

the  crown 

Crown  width  average  or  wider. 

Crown  usually  average  width. 
Uay  be  narrow  and  long  or  wide 
and  short. 

Crown  usually  narrow  or  occa- 
sionally of  average  width. 

U.  Shape  of 

the  crown 

Tip  usually  pointed  or  round, 
never  flat  or  spike  topped. 

Tip  usually  round,  occasionally 
pointed,  and  rarely  flat  topped. 

Tip  usually  flat  or  spike  top, 
rarely  rounded. 

5<  Branching  and 
foliage 

Dead  branches  in  the  crown  rare, 
branches  and  foliage  moderately 
dense  or  better.    Branches  in 
upper  half  of  crown  usually 
strongly  upturned  and  no  droop- 
ing branches. 

Occasional  dead  twigs  present, 
usually  no  dead  branches  in  the 
crown.    Branches  and  foliage  of 
moderate  density.  Occasionally 
large  crowns  of  extremely  open 
density.    Usually  the  upper 
branches  either  upturned  or  hor- 
izontal, with  drooping  branches 
in  the  lower  half  of  crown. 

Dead  twigs  and  branches  show- 
ing tfarongh  the  crown.  Often 
branches  drooping  to  the  tip. 
In  western  larch  1/  branches 
short  and  stout  throughout 
the  length  of  the  crown. 

6.  Bark 

Western  larch  -  Bark  is  usually 
dark  in  color  and  ridged  or  only 
slightly  scaly  with  deep  fissures 
between  scales.    Bark  appears 
rough.    These  bark  characters 
apply  to  western  larch  only. 

Western  larch  -  Bark  is  usually 
dark  around  base  of  tree,  becom- 
ing scaly  above.    Plates  not  well 
defined,  but  bark  appears  rela- 
tively smooth.    These  bark  char- 
acters apply  to  western  larch 

Western  larch        Bark  usually- 
light  in  color  with  well-<ief  Inec 
large,  smooth  bark  plates  and 
very  shallow  fissures  between 
plates.    Bark  appears  very 
smooth.    These  bark  characters 

Do  not  use  on  Douglas-fir. 

only.    Do  not  use  on  Douglas-fir. 

apply  to  western  larch  only. 

Do  not  use  on  Douglas-fir, 

Douglas -fir 

Bark  usually  has  broad,  corky 
ridges  at  the  base,  with  light 
brown  new  bark  prominently  ex- 
posed in  the  fissures,  becoming 
uniformly  and  finely  ridged  and 
dark  above.    The  upper  quarter 
or  more  of  the  bole  usually  has 
smooth  or  slightly  checked  light 
grey  bark. 

Do\iglas-fir 

iJark  has  corky  ridges  at  the  base 
of  the  tree,  becoming  unifonnly 
and  finely  ridged  above.  New 
light  brown  bark  not  as  prosninent 
as  in  A  vigor  and  usually  extend- 
ing only  part  way  up  the  butt  log. 
Dark,  rough  bark  extends  at  least 
three  quarters  or  more  up  the  full 
length  of  the  bole. 

Douglas-fir 

Bark  rarely  has  the  light  brown 
new  bark  exposed  in  the  fis- 
sures.   Dark  bark  usually  ex- 
tends to  the  tip.  Frequently 
the  entire  bole  has  dark,  fine- 
ly ridged  bark. 

7*  Disease 

No  mistletoe  infection. 

Rarely  trees  with  light  mistletoe 
infection. 

Trees  with  visible  indications 
of  moderate  to  heavy  mistletoe 
infection  should  be  placed  in 
this  vigor  class. 

1/  JVequently  in  western  larch,  short,  stout  branches  near  the  tip  give  it  the  appearance  of  being  pointed.  This 
should  not  be  confused  with  a  pointed  growing  tip  irtiich  usually  has  numerous  thin  branches  and  is  normally 
obtusely  pointed. 


2/  Trees  with  this  type  of  bark  are  overmature  and  usually  growing  slowly.    They  should  be  dropped  one  class  below 
that  in  which  th^  would  otherwise  classify.    Thus,  if  a  tree  qualifies  for  A  vigor,  but  possesses  the  light, 
smooth  bark  with  well^efined  plates  and  shallow  fissures,  it  should  be  dropped  to  the  B  vigor  class. 
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